INTRODUCTION {#sec1-1}
============

Since the introduction of the three-point seatbelt in the 1970s, fatalities from road traffic crashes have fallen by up to 60%.\[[@ref1][@ref2]\] In road traffic injury prevention, the seatbelt and accompanying legislation is regarded as one of the most prominent successes in reducing injury rates and deaths.\[[@ref3][@ref4]\] Over the years, however, a well-defined injury pattern related to the use of seat belts has become the norm of presentation in patients involved in, especially, high energy impacts.\[[@ref5][@ref6]\]

The patterns of injury, known as seatbelt syndrome, describe injuries to underlying organs resulting from shearing forces in the lower abdomen due to restraint and rapid deceleration causing high pressure blowout intestinal perforations and mesenteric tears, or more commonly, in the chest, fractures of the sternum, ribs, and even the clavicle.\[[@ref7][@ref8]\] In rare cases there may be major thoracic injury with aortic transection or in the neck, injuries to major vessels.\[[@ref9][@ref10][@ref11]\]

Clues to underlying injuries are bruises and abrasions on the skin following the pattern of the seatbelt, whether over the shoulder, diagonally across the chest, or a horizontal band across the lower abdomen.\[[@ref12][@ref13]\] When considering patients with abdominal injuries, in those who are hemodynamically unstable or obviously have peritonitis, the decision to proceed to laparotomy is straightforward; but in patients who respond well to fluid resuscitation or have equivocal findings on examination of the abdomen and are hemodynamically normal, predicting their internal injuries and clinical course tends to rely on imaging and regular evaluation of the abdomen, preferably by the same surgeon.

We report our experience in a level 1 trauma center in dealing with patients with abdominal injuries arising from seatbelt restraint in road traffic accidents, with particular attention to the subgroup of patients who underwent emergency laparotomy and had evolving clinical signs. With regard to the seatbelt-related injury pattern, we hypothesized that injuries found at laparotomy might predict outcome.

MATERIALS AND METHODS {#sec1-2}
=====================

We retrospectively reviewed the records of all patients who underwent laparotomy for abdominal injury who had a seatbelt sign after a road traffic crash at the level I Trauma Center, Hadassah University Hospital, Ein Kerem Campus, in Jerusalem, Israel, between January 2005 and October 2010. Patients with seatbelt injuries who required laparotomy were identified and data were retrieved from the Hadassah Trauma Registry and from paper and electronic medical records. Mortality was our primary outcome measure. Postoperative morbidity (surgical site infection (SSI) and pneumonia) was recorded and analyzed as a secondary outcome measure.

Patients were classified as having a seatbelt sign if they had a bruise on the abdomen, chest, or neck corresponding to the site of the restraints. Data collected from the patients included: demographics; the exact mechanism of injury; position within the car; injury severity score (ISS); physiological status upon arrival in the Emergency Department (ED); time from crash to operative intervention; anatomical location of injuries; intraoperative findings; length of hospitalization; management and treatment during hospital course; and complications and outcome. Concomitant injuries were managed according to the specific pathology. Patients with fatal head injury or those who required immediate craniotomy were excluded. All patients described had seatbelt signs. The exact location of the seatbelt sign, however, was not recorded on most admission charts.

Indications for laparotomy included hemodynamic instability with a strong suspicion of an intra-abdominal injury, diffuse peritonitis, or radiological findings indicating bowel perforation or mesenteric tear, and clinical deterioration in patients managed expectantly. Repeat imaging was based on clinical suspicion of internal injury.

Hemodynamic instability in our study was defined as a heart rate above 100 beats per min with a systolic blood pressure of less than 90 mmHg. All patients underwent initial imaging of the abdomen with focused sonographic assessment for trauma (FAST) in the ED. Our institutional policy is to admit for observation patients with a seatbelt sign. FAST is performed at the bedside and a radiologist does this routinely in all cases of major trauma. Computed tomography (CT) scan with intravenous contrast was performed on patients who were hemodynamically normal or stable. Injury to the small bowel, large bowel, or both without solid organ injury was termed 'isolated bowel injury'. 'isolated solid organ injury' was similarly defined.

Statistical analysis {#sec2-1}
--------------------

Data are presented as median and interquartile range (IQR). Chi-squared test for trends and the Kruskal-Wallis test were used to compare categorical and continuous variables, respectively, between the three groups. Fisher\'s exact test was used to compare categorical variables as appropriate. A *P*-value of 0.05 or less was considered statistically significant. Statistical analysis was performed using Statistical Package for Social Sciences (SPSS) version 11.5 (SPSS, Chicago, IL).

RESULTS {#sec1-3}
=======

Patient characteristics {#sec2-2}
-----------------------

Over the study period 1,071 patients were admitted after a car crash where seatbelt use was documented (three-point seatbelt only as a standard). Forty-one patients (3.8%) with documented abdominal seatbelt signs underwent exploratory laparotomy and form the study group. Backseat passengers were significantly more likely to require laparotomy compared with drivers and front seat passengers (15/190, 7.9% versus 16/602, 2.7% and 10/279, 3.6%, respectively, *P* = 0.005).

Patients were classified into three groups according to the timing of emergency surgical intervention: 'Immediate'; 'early'; and 'delayed'. Twelve patients (29.3%) were taken to the operating room (OR) within a median of 1.05 h (range 0.5-1.6 h) and were labeled the 'immediate' group. Twenty-two patients (53.6%) were stable enough to undergo initial (CT) evaluation. These patients were taken to the OR within a median of 2.7 h (range 1.15-11.8 h) and were labeled the 'early' group. Seven patients (17.1%) were admitted and underwent initial evaluation, but their injuries were only recognized later. This group was termed the 'delayed' group and underwent laparotomy at a median of 19.5 h (range 12.2-51 h) after investigation and clinical review.

[Table 1](#T1){ref-type="table"} summarizes the characteristics of all 41 patients. Patients in the delayed group tended to be younger and had significantly lower ISS compared with the immediate and early groups. Five of the seven patients (71.4%) in the delayed group were backseat passengers and none were drivers. Four of seven patients (57.1%) in the delayed group were ≤16 years old, significantly more compared with the early and immediate groups (four of 22, and one of 11, respectively, *P* = 0.026).

###### 

Characteristics of the 41 patients with seatbelt signs
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Indications for laparotomy {#sec2-3}
--------------------------

Indications for surgery in the immediate group (*n* = 2) were significant hemodynamic instability (*n* = 7) and generalized peritonitis on initial examination (*n* = 5). In total, preoperative CT was performed in 28 patients (68.3%). CT was performed for all patients in the early group. Indications for surgery in the early group were based on CT findings. CT scan findings included one or more of the following: Pneumoperitoneum (*n* = 10, 35.7%); free fluid without visible solid organ injury (*n* = 10, 35.7%); bowel wall thickening (*n* = 7, 25%); and high grade (IV-V) splenic injury with active bleeding (*n* = 3, 10.7%). Delayed laparotomy was performed in seven cases. Indications for surgery, reason for delay, preoperative assessment, time to surgery, and outcome in the delayed group are shown in [Table 2](#T2){ref-type="table"}.

###### 

Clinical characteristics of the delayed group
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Pattern of injury {#sec2-4}
-----------------

Small bowel injury (*n* = 24, 58%) was the most common injury found at laparotomy, followed by injury to the large bowel (*n* = 16, 39%) and spleen (*n* = 16, 39%). Gastric perforation-related to seatbelt trauma was found during laparotomy in five patients (12%). Twenty-two patients (53.6%) had isolated small bowel injury. Isolated solid organ injury was noted in 10 cases (24.4 %). Eight patients (19.6%) had combined solid organ and bowel injury. Major vascular injuries included abdominal aortic tear (*n* = 1), renal artery tears (*n* = 2), and inferior vena cava injury (*n* = 2). All five of these patients were taken directly to the OR due to hemodynamic instability on arrival to the ED.

The pattern of intra-abdominal injury was influenced by the time period from injury to surgery. The shorter the time period, the more common was injury to solid organs (chi-squared test for trends = 0.074). Conversely, the longer the period from injury to surgery, the more common was bowel injury (chi-squared test for trends = 0.085) \[[Figure 1](#F1){ref-type="fig"}\].

![Pattern of intra-abdominal injury according to timing of laparotomy](JETS-7-295-g003){#F1}

Extra-abdominal injury {#sec2-5}
----------------------

In addition to intra-abdominal injuries, other injuries included long bone fractures (*n* = 11, 26.8%), thoracic injuries (*n* = 26, 63.4%), pelvic fractures (*n* = 10, 24.4%), spinal injuries (*n* = 19, 46.3%), and brain injuries (*n* = 10, 24.4%). Six patients required surgery for spinal column injury and 11 patients required internal fixation of long bone fractures.

Complications and outcome {#sec2-6}
-------------------------

Eighteen patients (44%) suffered a total of 24 postoperative complications. SSI was found in 14 patients (34%), of whom seven patients (17%) developed an intra-abdominal abscess. None of the patients returned to the OR for relaparotomy because of an SSI; but two patients required percutaneous drainage, while the remaining patients were treated conservatively. Other notable complications included wound infection (*n* = 8, 19.5%), adult respiratory distress syndrome (ARDS; *n* = 4, 9.7%), pneumonia (*n* = 4, 9.7%), septicemia (*n* = 8, 19.5%), and acute renal failure (*n* = 4, 9.7%).

Patients with solid organ injury and patients with major vascular injury were significantly more likely to die of their wounds (four of 18 (22.2%) versus zero of 23, and four of five (80%) versus zero of 36 (0%), respectively, *P* = 0.017 and *P* \< 0.0001). Injury to a solid organ and combined solid organ and bowel injuries were also associated with a higher complication rates \[[Table 3](#T3){ref-type="table"}\]. Delayed laparotomy was not associated with a higher incidence of infectious complications (two of seven (28.6%) versus 12 of 34 (35%); *P* = 1.0).

###### 

Risk factors for overall mortality and complications
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Four patients died (9.7%). Two patients died within 24 h of admission from uncontrolled hemorrhagic shock: One patient, a 49-year-old backseat passenger with a suprahepatic inferior vena caval tear, cardiac tamponade, hemoperitoneum, cervical spine fracture, and head trauma; the second, a 62-year-old driver who arrived with pulseless electrical activity following crush injury to the chest and liver, and a diaphragmatic tear. Exploratory laparotomy followed by resuscitative thoracotomy and open cardiac massage were unsuccessful. Two additional patients survived initial surgery for liver, splenic, and renal injuries; but succumbed later to complications of sepsis and multiorgan failure in the intensive care unit (days 28 and 97 post injury).

DISCUSSION {#sec1-4}
==========

Indications for laparotomy, as ever, are hemodynamic instability and peritonitis. Within the cohort of patients, albeit small, who presented with a seatbelt injury, we discuss below findings that may predict short-term outcome.

The first assertion is that the presence of a seatbelt sign should raise the suspicion of an intra-abdominal injury and that a correctly positioned seatbelt classically produces a pattern of external and internal injury, that is, sternal fracture, bowel perforation, mesenteric tear, and lumbar spinal injury. This classic injury pattern, indicating a higher incidence of abdominal injuries has been termed 'the seatbelt syndrome'.

Chandler *et al*., (1997)\[[@ref12]\] in a consecutive series of 117 patients injured in motor vehicle crashes found that of their 11.9% patients with a seat belt sign, all had underlying bowel injuries and possibly other visceral abdominal injuries. These patients were more likely to undergo laparotomy than patients without a seatbelt sign. Velmahos *et al*., in 1999,\[[@ref13]\] studied 410 patients wearing seatbelts who were injured in road traffic crashes. Seventy-seven (12%) had a seatbelt sign. Of these 77 patients, 9% suffered bruising of the neck, 32% bruising on the chest, 40% bruising on the abdomen, and 19% bruising across multiple areas on the body. Three patients had myocardial contusion and 10 patients had intra-abdominal injuries (predominantly bowel and mesenteric lacerations) requiring laparotomy. They found a nearly four-fold increase in chest trauma (22.5 versus 6%; *P* = 0.01) and a nearly eight-fold increase in intra-abdominal injury (23 versus 3%; *P* \< 0.0001) in the cohort restrained with seat belts as opposed to those without.

It is, therefore, common practice to suspect chest or abdominal injury in the presence of a seatbelt sign, even though not all cases will warrant surgical intervention. Where there is a high index of suspicion, but no obvious indication for immediate laparotomy, patients are observed expectantly for subtle signs of peritonitis or bleeding. Repeated clinical and radiological assessment (usually CT) is helpful in stable patients. Our experience has been to use intravenous contrast on initial CT and then repeat CT with both oral and intravenous contrast where initially stable patients have deteriorated.

Our data on patients with seatbelt signs suggest that bowel injury is more common in patients with delayed clinical signs; whereas, solid organ injury is more common in patients presenting from the outset with hemodynamic instability. Patients who suffered solid organ injury were more likely to develop postoperative complications. Additionally, solid organ injury with major vascular injury resulted in greater mortality. These solid organ injuries do not fall within the classical description of abdominal injuries associated with seatbelt syndrome, leading us to postulate that solid organ injury in restrained patients may require a higher energy of impact or may involve rotational, torsional or intrusive forces unrelated to the seatbelt, or indeed, that the seat belt was malpositioned.\[[@ref14][@ref15][@ref16]\]

An ideally positioned seatbelt distributes energy across the lower abdomen and bony pelvis during impact. Incorrect seatbelt positioning, arising from poor belt quality, and poor adjustment in relation to the passenger\'s size, may cause serious, "nonclassical" intra-abdominal injuries. Fatal splenic injuries and fractures of the lumbar vertebra have been reported as a complication of incorrect application of the lap seatbelt strap across the abdomen.\[[@ref16]\]

A further finding from our data was that in patients with a seatbelt sign, the risk of intra-abdominal injury is significantly higher for backseat passengers (*P* = 0.005) even though, as expected, ISS was significantly higher for front seat passengers and drivers. We surmised that seatbelts worn by passengers in the back seats of cars do tend to be malpositioned more commonly than in the front seats (especially as children usually sit in the back seat). Possible mechanisms of injury may be 'jack-knifing' forwards over a seatbelt or 'submarining' effects resulting in abdominal injuries as the maladjusted lap belt rides up over the iliac spines and injures solid organs and major vessels directly.\[[@ref17][@ref18]\] Lap belt injuries are associated with pediatric spinal cord injury in improperly restrained children. Several specific characteristics make children especially vulnerable: They have a higher center of gravity than adults, generating greater distraction forces and lap belts tend to lie over the abdomen instead of the pelvis because the iliac crests are not yet fully developed.\[[@ref19]\] These factors may result in abdominal and spinal injuries during rapid deceleration.\[[@ref20][@ref21][@ref22][@ref23][@ref24][@ref25]\] In this series of 41 patients there were seven children (under 16 years of age). Delayed laparotomy was performed in four.

With these patterns in mind we suggest the following considerations when assessing patients with seat belt signs:

The presence of a seat belt sign is not on its own an indication for laparotomy,\[[@ref8][@ref11][@ref13]\] but should raise clinical suspicion of significant internal injury;The exact position of the seat belt sign may be important in terms of the underlying injury;A seatbelt sign located over the center of the abdomen, the umbilical area or higher should alert us to the possibility of a solid organ injury in addition to the classic bowel injury expected in patients wearing appropriately-positioned seat belts that result in typical suprapubic bruises;\[[@ref11][@ref26]\]Passengers in the back seat may be wearing malpositioned seatbelts and may present with nonclassical seatbelt injuries;Documenting exactly where seatbelt bruises are on patients could be of value in determining causality between seatbelt position and organ injury. This was inadequately recorded in our institution, and we would like to stress the importance of this documentation in the future, especially as patients are usually unable to provide details about seatbelt quality or positioning.

Finally, our suppositions about mechanism of injury are compounded by the experimental studies that indicate that abdominal injuries to the driver produced by the impact of the lower rim of the steering wheel may be similar to the type of injury sometimes attributed to a lap belt.\[[@ref27]\]

In summary, current practice is that the presence of an abdominal seatbelt sign requires the treating physician to maintain a high level of suspicion for internal injuries and to perform serial clinical examination and appropriate diagnostic tests in patients not proceeding immediately to laparotomy. Based on this small series, it is our opinion that malpositioned seat belts cause a different pattern of injury. Seat belts positioned low in the abdomen, that is, in the suprapubic region, cause pressure effects on the bowel which result in bowel perforation with clinical signs that develop more gradually and result in delayed surgery, but with low mortality. Whereas, malpositioned seatbelts, lying higher on the abdomen, are associated with a greater incidence of solid organ injury. Patients with solid organ injury tend to present with hemodynamic instability warranting immediate surgery and have a higher mortality.
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